Pith tissue from Niotiana tabacum L. cv 'Maryland Mammoth' or 'Wisconsin 38' was isolated, free of vascular tissue, and cultured on a medium containing auxin but no cytokinin. Explants from the apical 1 cm of stem, within the pith rib meristem, initiated callus growth with 100% efficiency. Macroscopicaliy visible callus was evident 5 days after the tissue was isolated, and the cultures grew persistently in the absence of cytokinin. Heat treatment, sometimes used to initiate cytokinin habituation, was not required. Explants from tissue basipetal to the pith rib meristem declined in the frequency of habituation with increasing distance from the shoot apex. Although pith tissue which was growing, in vivo, was more prone than mature tissue to establish cytokinin-habituated callus, the basipetal declne in habituation frequency extended well beyond the zone of cell expansion. Explants from mature pith 40 centimeters or more from the shoot apex grew in the absence of cytokinin with 18% frequency, although the response required at least 2 weeks of culture. Further analysis demonstrated that tissue near the periphery of mature pith was more prone to cytokinin-habituation than tissue from the pith center.
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Higher plant cells grown in vitro are autotrophic for all but a few organic substances. Standard tissue culture media contain, aside from inorganic constituents, a carbohydrate energy source, one or more vitamins, and growth hormones, especially auxin and cytokinin (1 1) . The almost universal need for exogenous hormones is especially notable; it suggests that hormone production, by the regulation of either catabolic or anabolic pathways, is repressed. Perhaps the inability of cells to grow, in vitro, in the absence of auxin and cytokinin is a reflection of the fact that, in vivo, hormone synthesis is suppressed in the majority of cells and is activated only in response to specific cues. This hypothesis is consistent with the known role of these hormones in the integration of physiological activities in the plant body (14) .
Not all cells, however, are hormone-dependent in vitro. Crown gall tumor cells, containing Ti plasmid DNA of Agrobacterium tumefaciens, will grow persistently in the absence of exogenous hormones (2) . Furthermore, untransformed cells which are normally hormone-dependent may spontaneously acquire the capacity to grow in culture without an exogenous sunply of either auxin or cytokinin. This phenomenon is known as habituation. Habituation involves a persistent change in cellular heredity (1). Meins and his co-workers have postulated that habituation is an epigenetic (12) , rather than a genetic, phenomenon. This hypothesis is based on evidence that habituation is directed (6) , occurs at rates greatly in excess of those expected for mutation (8) , is regularly ' Supported by National Cancer Institute grant CA 23261.
reversible (1) , and leaves the altered cell totipotent (1) .
It is not yet known whether the physiological status of a tissue in vivo influences the subsequent long-term capacity of its constituent cells to grow in the absence of hormones when excised from the plant and cultured. It is conceivable that cells which are actively growing and/or synthesizing hormones in vivo are more prone to habituation than those which have ceased to grow. Cheng (3) reported that pith obtained from the lower internodes of tumor-prone Nicotiana glauca x langsdorfii plants required auxin, whereas pith isolated from internodes near the apex of the shoot was auxin-autotrophic. More recently, Meins et al. (9) reported that there is a longitudinal gradient in cytokinin-habituation frequency in pith of 'Havana 425' tobacco, a variety which habituates very rapidly in culture (5, 7). Explants of tissue isolated from pith near the base of the stem habituated infrequently, whereas tissue from less mature pith habituated more readily. The growth status of explanted cells, at the time of isolation, was not described. Habituation was induced by exposure of the explants to 35°C, approximately 10°C above the temperature at which cultures are commonly grown.
In this paper, we explore the relationships between cell growth and division in vivo and cytokinin habituation frequency in vitro. We demonstrate that explants isolated from the pith rib meristem grow in the absence of exogenous cytokinin with 100% frequency even though these explants are not subjected to high temperature treatment and are obtained from tobacco varieties which are not otherwise known to be habituation-prone. Furthermore, we demonstrate that, in the mature stem, cells near the perimeter of the pith habituate more readily than those in the pith center. (20-20-20) and watered daily.
MATERIALS AND METHODS
Stems were cut from plants ranging in height from 30 to 140 cm. The leaves were removed and stems surface sterilized by immersion in a 0.5% (v/v) solution of NaOCl in water for 10 min followed by repeated washing in sterile distilled H20. Stems were cut transversely into 3-mm discs, and the pith was removed with a scalpel as described in "Results." Hand sections from each of the pith explants were examined microscopically with phase contrast illumination to insure that all tissue from the vascular cylinder, including the internal phloem, had been removed. Each explant was placed separately on 20 ml of Murashige and Skoog medium (11) However, no statistically significant differences in mitotic frequency were found in the different time periods (at the 0.05 level of probability) and the data for all six time periods, at each position in the stem, were therefore pooled (total n for each position = 6 x 103).
RESULTS
Longitudinal Gradient of Habituation Frequency. Pith explants were isolated at regular intervals in the stem, from the apex to the base, and tested for habituation potential. In the first experiments, surface sterilized stems were cut transversely into 3-mm discs beginning at the shoot apex. Pith tissue was isolated by carefully removing the vascular cylinder, including the internal phloem, and peripheral tissues with a scalpel. From each disc, a radial 3-mm wide slice was removed and placed in a separate culture flask. (Explants therefore measured 3 mm x 3 mm x the width of the pith.) Pith discs from the apical 1 cm of stem were very small and were used as explants without further division.
Pith explants isolated from the apical 4 cm of stem began to swell on the 3rd or 4th d of culture. Within 5 to 7 d, the first macroscopic evidence of cell division was apparent in these young explants; the interior of the tissue became snowy white. Within the next week, the white tissue in the interior of the explants erupted into proliferating callus.
In more basal pith explants, the first indications of cell division were usually not evident for at least 14 d. In these explants, cell divisions were localized as small white nodules or colonies of cells. Colonies of proliferating cells were first detected in the firmer portions of the explants but eventually the cells closest to the medium, which had undergone considerable expansion, also gave rise to white nodules.
To be certain that colonies of growing cells were cytokininautonomous and not simply responding to a nonreplenishing pool of endogenous hormone, we routinely isolated and repeatedly subcultured these colonies on cytokinin-free medium. All cultures initiated in this manner continued to grow; many have been carried for over 1 year with transfers to fresh medium every 28 d. For the first five or six transfers, there was often a considerable amount of browning and necrosis. Dense white growth was continuously produced on the surface of the cultures while the cells beneath turned brown and ceased to grow. Later, the subcultures became dense and completely white. Roots were frequently produced by the initial explants of immature pith, but after several transfers they were no longer formed.
The percentage of explants which produced habituated colonies decreased with increasing distance from the shoot apex. In a representative experiment, pith from the first 4 cm of stem invariably habituated whereas in older pith tissue, 40 cm or more from the apex, approximately 18% of the explants developed one or more habituated colonies of cells (Fig. 1) . This experiment has been repeated 15 times with essentially identical results for both the 'Maryland Mammoth' and 'Wisconsin 38' cultivars of tobacco.
The number of nodules of dividing cells per explant was also inversely related to the age of the tissue. As many as 25 colonies or more arose on explants isolated within 6 cm of the apex. It was difficult to quantitate nodules in young explants since they often arose at different times and in many cases so close to one another that they quickly fused. However, an estimate of the overall growth potential of explants was obtained by measuring fresh weight increase on cytokinin-free medium (Fig. 2) . Explants were weighed at the beginning and end of the 8-week culture period. Increase in fresh weight was highest in tissues nearest the apex and declined rapidly with increasing age. Of course the final weight of explants in these experiments was determined not only by the number of colonies initiated but also by the growth rate of the habituated cells. In general, habituated cells isolated from very immature explants grew more rapidly upon subculture on cytokinin-free medium than dividing cells which arose on more mature explants. However, there was a considerable amount of variation in these experiments, especially after a number of tissue transfers.
Radial Variance in Habituation Frequency. A second series of experiments was conducted to determine whether habituation potential was the same in the central and peripheral regions of pith tissue. Stem segments were surface sterilized and cut transversely, at intervals, into a number of 3-mm-thick discs as described above. The vascular cylinder, including the internal phloem, and tissues distal to the vascular cylinder, was carefully removed from each disc. Each disc was subdivided; explants weighing approximately 25 mg were cut from either the central or peripheral regions of the disc and each explant was cultured separately as described above.
Results of a representative experiment are summarized in Table  I . A longitudinal gradient in the percentage of explants giving rise to habituated callus was noted as in the previous experiments. All explants isolated from the most apical 4 cm of stem were habituation positive whereas in the basal regions of the stem only 4% produced cytokinin autonomous cells. There was also an unmistakable radial variance in habituation response. In pith isolated 4 to 15 cm from the apex, 61% of the samples which became habituated were from peripheral tissue. In older explants, this figure increased to 90%o.
Cell Expansion and Division. The frequency with which explants gave rise to cytokinin autonomous colonies in vitro was compared with rates of mitosis and cell expansion of pith cells in vivo (Fig.   3 ). The mitotic index dropped rapidly within the first 2 cm of stem and virtually no mitotic figures were detected beyond 3 cm. Mitotically active pith tissue was clearly very habituation prone. However, beyond the point of active cytokinesis the pith was still capable of frequent habituation. Similarly, habituation was most frequent in explants from expanding tissue but it nevertheless occurred with regularity in pith which was 10 cm or more from the apex and was no longer expanding in vivo.
DISCUSSION
The frequency of cytokinin habituation in freshly isolated tobacco pith depends upon the in vivo location of the tissue at the time of excision. In our experiments, explants from the central region of mature pith habituated very infrequently, whereas tissue isolated from within the pith rib meristem invariably grew without exogenous cytokinin. Both the longitudinal gradient in habituation potential and the difference in response between central and peripheral cells must be taken into consideration when tobacco pith explants are used in cytokinin bioassays.
In an earlier study, Meins et al. (9) analyzed cytokinin autonomous growth of pith explants from 'Havana 425', a tobacco cultivar which habituates very rapidly in culture (5, 7) . Our experiments demonstrate that cytokinin habituation may occur at high frequency in pith explants from the 'Wisconsin 38' and 'Maryland Mammoth' cultivars which are not otherwise known to habituate readily. Indeed, 'Wisconsin 38' pith is routinely used in studies ofcytokinin-dependent growth. Our experiments also demonstrate that transient heat treatment is not required to induce cytokinin habituation at high frequency in explants from growing pith even though elevated temperatures are known to increase the frequency of cytokinin habituation in tobacco (8) .
In tobacco pith, there is a correlation between the growth status of tissue at the time of excision and habituation frequency in vitro. Explants taken from the mitotically active region of the apex grew in the absence of cytokinin with 100%1o frequency. This high habituation frequency in very young tissue may be due to continued division of cells which are meristematic in vivo. In support of this view, the first indications of habituation were evident in explants from the first 4 cm of stem within 5 to 7 d after isolation, whereas nodules of dividing cells did not arise on older explants for 2 weeks or longer. In addition, the percentage of cells involved in the habituation response was apparently much higher in very young explants than in basal pith tissue. The initiation of hor-
